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Straight Members 


axial compression, torsion, or bending. The resulting effects may be classified as 
stresses, elongation, twist, or transverse bending deflection. In the majority of 
the design cases, the engineer ends up specifying either the maximum stress or 
deflection criteria. 


PRACTICAL RULES 

The design of axially loaded members is often based on the normal stresses although 
the actual failure can occur on an inclined plane. At the same time the critical 
stress is expected at the minimum cross-sectional area unless an abrupt change in 
geometry or strength is involved. 

The straight members subjected to torsion are likely to be designed according to 
the specified shear allowable. However, since the shearing stress can be interpreted 
in terms of the normal principal stress, the structural member should, at times, be 
checked for tension. For instance, a cast-iron part weaker in tension than shear can 
fail in tension despite the fact that the part is subjected to twist. 

The design of a straight member in bending can be based on the concept of 
the section modulus alone provided that this member does not have to resist shear 
loading in addition to bending. When shear is present it may be necessary to use 
the theory of combined stresses. 

Several practical rules in beam design may be summed up as follows: 

1. Maximum and minimum bending moments occur where shear is zero. 

2. No bending moment can be transmitted at a pin joint. 

3. No deflection is possible at a hinged support. 

4. Deflection and rotation are zero at fixed supports. 

5. Complex deflections of beams can be obtained by superposition. 

6. Truly fixed-end conditions as well as truly hinged supports are never found 
in practice. 


ULTIMATE STRENGTH OF BEAMS 

Although the maximum fiber stress in the elastic regime is generally recognized as 
the primary criterion of safety in beam design, the question is sometimes raised 
as to the ultimate strength and the reserve of load-carrying capacity beyond the 
elastic point. This question, as related to beam design, is particularly important 
because beam elements are often used in various structural models. Under such 
conditions we make the assumption that an individual beam element cannot deform 
indefinitely or collapse until the full plastic moment M p is reached at some critical 
section. Once it is assumed that a given plastic moment acts at the critical point, 
the problem becomes fully determinate. 

As the elastic limit of the material is attained, such as that, for instance, shown 
in Fig. 1.2 or 1.3, the shape of the stress-strain curve becomes nonlinear until the 
material finally reaches the ultimate stress condition corresponding to the maximum 
load-carrying capacity of the structure. The form of the true stress-strain curve can 
be approximated by a suitable mathematical expression involving the true stress at 



